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SECTION  I 


INTRODUCTION 

were  operated  onUne^t^the'  l^em^c**  *r°Cessor  <MAP)  systems 
<CPO,  array  in  order  to  enhance  th^  t  Cumberla"<*  bateau  Observatory 
surface -wave  noise.  Outputs  of ^thesl  P"Waves  relati-  to 

seismometers  were  recorded  in  analo/f^68501^  and  °f  the  individual 
photographic  film.  Subsequently  three  t*™*  magnetic  taPe  and 
were  digitized  for  computer  analysis  at  *™embleS  of  elected  recordings 
resampling  of  Ensembles  II  and  III  at  loo °'msec  ^ervals,  with  later 
are  4  min  long,  with  start  times  chose  m®ec-  The  transcribed  records 
at  the  center  of  the  record  ^  8°  that  the  P  -  approximately 

reject  low- veloIiTy  no^Te  ^ndp^eserve  hiThTf  pr°CeSsors  designed  to 
dependence  on  azimuth.  The  outputs  contJ-  Vel.°Clty  S18nals  with  a  minimal 
signals,  since  the  processors  attenuate both  an ^  b °dywave 
generated  noise  (energy  scatters,!  •  ,  b  h  amblent  noise  and  signal- 

•he  receiver).  Lr  thfsmd  ‘o f  LlTni^Tl  V"*  to  ^  of 

correlation.  deconvolution  and  pP  d  i  l  8UCh  as  aut°- 

a  repreaentative  event. 

teieseisms.  En.em'blef'lTn id^wer^r'em order'd'1""  enSembIes  °f 
processor  IP-88  which  was  designed  ZZ  h  *  ^ 
experimentally  measured  noise  model-  re  „  «  r""a‘  signal  model  and  an 
frequency  filter  for  elimination  of  microti proceSs°r  confined  a  low-cut 
Processor  TIP  or  IP-lb'7  j  ,  SmS  WUb  b-Sec  Period. 

Since  a  theoretical  noise  mod'eMUter  found  mf88  °'  Eneemble  “■ 
in  the  design,  TIP  was  less  effective  than  IP  s  '  ,naccurat«)  was  used 
actually  encountered  at  CPO-  therefo,^  ?i,IP'8  'n  rejectin8  ‘he  noise 
are  generally  of  better  qualiiy  than  thos’e  of'  ‘  and  “ 

m  this  report.  »■«*«.  »“>  he  presented 

Technical  Reports  prepared  by  Texas  Instrum  V  J>eTfound  ln  Semiannual 
Force  Technical  Application*  r  *  ruments  Incorporated  for  Air 

Applications  Center  under  Contract  AF  33(657) -12747.  10 
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Figure  1. 


S/N  Ratios  Computed  for  Cente 
Output  (Event  II- 5) 


r  Seismometer 


and  Processor 
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SECTION  II 


CONVENTIONAL  ANALYSIS  OF  TELESEISM  RECORDINGS 

Event  parameters  measured  from  the  film  records  are 
compared  in  Table  2  with  values  published  by  the  United  States  Coast  and 
Geodetic  Survey  (USC&GS)  in  Preliminary  Determination  of  Epicenters 
(PDE)  bulletins.  The  tabulated  values  cf  the  probable  errors  are  the 
ranges  within  which  50  percent  of  the  individual  observations  lay. 

Observed  arrival  times  were  compared  with  arrival  times 
computed  from  Jeffreys- Bulled  travel-time  tables  and  PDE-p  ablished 
origin  times  and  epicentral  coordinates.  The  greater  scatter  of  residuals 
observed  for  the  worldwide  ensembles,  as  compared  to  Ensemble  I, 
suggests  that  the  station  correction  may  depend  upon  azimuth  and/or 
range.  The  average  delay  of  0.  3  sec  for  the  Kurile  Islands  ensemble 
is  clearly  not  typical  of  all  observed  events.  Azimuthal  variations  of 
station  residuals  have  been  observed  by  Cleary  and  Hales.  1  An  alternative 
explanation  is  that  source  corrections  and  PDE  errors  are  probably  more 
variable  in  the  worldwide  ensembles  because  of  the  greater  differences  in 
source  environment  and  in  station  coverage  used  to  define  PDE  values. 

It  is  obviously  not  possible  to  define  a  universal  CPO  station  correction 
from  these  results. 

Magnitudes  were  computed  from  the  USC&GS  formula 
mb  =  108  T~  +  Q  +  S 

where 

m,  =  magnitude 
b 

A  =  maximum  amplitude  (microns)  of  the  first  few  cycles  of  P 

T  =  apparent  period  at  the  time  corresponding  to  A 

S  =  station  correction  factor  (assumed  zero) 

2 

Q  =  attenuation  factor  depending  upon  range  and  focal  depth 

Computed  magnitudes  averaged  0.  2  units  lower  than  those 
published  by  USC&GS.  At  least  part  of  this  effect  is  probably  due  to  signal 
degradation  by  the  MAP  system  at  some  frequencies.  Station-to-station 
variations  in  crustal  transmission  properties  require  station  magnitude 
corrections  as  large  as  the  observed  discrepancy;  therefore,  the  value 
0.  2  must  oe  regarded  as  a  magnitude  correction  for  the  combined  effects 
of  station  environment  and  processor. 
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Table  2 

RESULTS  OF  CONVENTIONAL  ANALYSIS 
OF  CPO  TELESEISM  ENSEMBLES 


Ensemble  I 

Ensemble  II 

Ensemble  III 

Observed  Minus  USC&GS  Pre¬ 
dicted  P  Arrival  Times  (sec) 

0.  3  ±  0.4 
(185  events) 

0.  1  ±  0.  9 
(68  events) 

-0.3  ±  0.  9 
( 150  events) 

Observed  Minus  USC&GS  Pub¬ 
lished  Magnitudes  (m  ) 

- - - - — - -  b  . 

-0.3  ±0.2 
(183  events) 

-0.3  ±0.3 
(59  events) 

-0.  1  ±  0.4 
(136  events) 

(P  -  pP)  Depth  of  Focus  Minus 
USC&GS  Published  Depth  (km)  — 
Including  Uncertain  pP 
Observations 

-3  ±  5 

(147  events) 

-2  ±  7 
(32  events) 

I 

-3  ±  10 
(53  events) 

(P  -  pP)  Depth  of  Focus  Minus 
USC&GS  Published  Depth  (km)  — 
Probable  pP  Observations  Only 

-1.9  ±  5.  1 
(120  events) 

- - - 

1.  9  ±  5.  7 
(6  events) 

-5.  1  ±  9.6 
(17  events) 

Detectability  of  pP  Phase  — 
Probable  and  Uncertain 
Observations 

150  of  196 

32  of  71 

60  of  174 

Detectability  of  pP  Phase  — 
Probable  Observations  Only 

125  of  196 

13  of  71 

24  of  174 

Phases  pP  or  pPKP  were  sought  and  the  existence  of  an 
observable  surface-reflected  phase  on  each  record  was  evaluated  as 
probable",  "uncertain"  or  "negative".  For  each  event  for  which  pP 
(or  pPKP,  could  be  identified,  focal  depth  was  computed  from  the  time 
difference  between  P  and  pP  (or  PKF  and  pPKP).  When  all  observations 
were  included,  these  depths  averaged  3  km  shallower  than  USC&GS- 
published  values  for  all  ensembles— a  result  which  suggests  that  the 
USC&GS  method  of  epicenter  determination  may  be  biased  slightly  toward 
deep  focal  depth.  The  analysis  was  repeated  using  only  "probable" 
reflected  phases  and  eliminating  all  events  with  the  published  depth  of  33 
km,  since  this  value  usually  implies  that  no  satisfactory  estimate  of  focal 
depth  could  be  obtained  from  travel  times.  An  average  discrepancy  of 
2  km  remained. 
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SECTION  III 


CRUSTAL  REVERBERATION  DECONVOLUTION 

An  impulsive  P-wave  signal  emerging  from  the  mantle 
encounters  a  series  of  reflecting  interfaces.  The  result  of  combining  the 
signal  reverberations  is  equivalent  to  the  effect  of  a  frequency  filter  which 
converts  the  impulse  into  a  wavelet  of  theoretically  infinite  duration. 

In  practice,  the  wavelet's  time  span  is  finite  since  the  amplitude  cannot 
remain  indefinitely  above  detection  threshold.  It  is  desirable  to  design  an 
inverse  filter  which  operates  on  the  observed  signal  in  such  a  way  as  to 
remove  crustal  effects  by  transforming  the  waveform  back  to  an  impulse. 

If  deconvolution  filters  are  designed  from  experimentally 
observed  signals,  the  nature  of  the  filters  will  depend  upon  the  signal  spectra 
at  the  receiving  station.  In  general,  such  spectra  will  depend  on  crustal 
effects  to  a  much  lesser  degree  than  on  signal  spectra  incident  at  the 
bottom  of  the  crust;  these  incident  signal  spectra  depend  on  both  source 
spectra  and  mantle  transmission  effects  (including  anelastic  absorption). 
Thus,  the  major  effect  of  a  deconvolution  filter  is  to  compensate  for  the 
incident  signal  spectrum, which  is  probably  severely  band-limited  and 
probably  does  not  exhibit  fine  structure.  If  the  filter  is  sufficiently  long, 
however,  compensation  may  be  made  for  the  fine  structure  produced  by 
crustal  effects. 

For  computational  economy  and  real-time  processing 
applications,  it  is  desirable  to  design  an  "average"  filter  which  will 
deconvolve  an  "average"  teleseismic  signal.  The  usefulness  of  such 
a  filter  depends  upon  the  variability  of  signal  spectra.  All  sources 
do  not  have  the  same  characteristics,  and  transmission  effects  vary  as 
functions  of  source -to-rec  iver  travel  path;  unless  the  span  of  the  deconvo¬ 
lution  filter  is  more  than  a  few  seconds,  however,  it  appears  that  differ¬ 
ences  in  emergence  angle  will  be  unimportant.  For  example,  Figure  2 
shows  the  persistence  of  some  fine  structure  (probably  associated  with 
Moho  reflections)  even  when  power  spectra  for  60  teleseisms  of  worldwide 
origin  were  averaged. 

Figures  3  and  4  show  the  results  of  deconvolving  five 
selected  records.  For  each  event,  three  deconvolution  filters  were 
designed  from 


•  The  autocorrelation  function  computed  from  a  portion 
containing  the  P- phase  of  the  record  being  filtered 
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•  The  average  of  autocorrelation  functions  for  a 

subensemble  of  about  15  to  20  events  (including  the 

event  to  be  filtered)  having  similar  source-to-receiver 
distances 


•  The  average  of  autocorrelation  f  motions  for  all 
events  in  the  appropriate  ensemble 


Table  3  listr*  source 
Impulse  responses  of  the  ensemble 
are  plotted  in  Figure  5. 


information  for  the  five  events, 
-average  deconvolution  filters 


Table  3 

DESCRIPTIONS  OF  TELESEISMS  DISPLAYED  IN 

deconvolution  study 


Event 

No. 

Source 

Region 

1-4 

Kurile  Is. 

U-39 

Aleutian  Is 

11-43 

Chile 

III- 81 

Chile 

III- 9  2 

Greece 

Distance 

(°) 

Depth 

(km) 

85.99 

50 

64.33 

33 

70.65 

101 

69.31 

33 

79.51 

78 

Azim  uth 
(°) 

Magnitude 

<mb> 

324.0 

4.  3 

314.  7 

5.3 

166.3 

5.  1 

164.5 

4.3 

48.  7 

4.  8 

ar.  .  ^  .  Although  tome  crustal  dereverberation  was  probably 

achieved,  deconvolution's  most  important  effect  was  compensation  for 
the  incident  signal  spectrum.  Since  the  signal-to-noise  ratio  wl, 
generally  poor  wherever  signal  power  was  low.  this  compensation 
generally  tended  to  amplify  noise  more  than  signal.  In  o^der  to  main- 

h^h-r-nit^e^TT86  rati°K  the  data  8hown  in  Figures  3  and  4  were 

g  d  at  1,5  CPS  ln  tbe  playback  operation.  The  playback 

The/ef.r8'^8  8m°oth  ^equency  response  functions  in  their  passbands 

Ieconvo,re;  "  reaSOnable  to  —  that  any  compensation  by  the 
deconvolution  process  for  fine  structure  introduced  by  crustal  reverberaHo 
should  not  be  affected  in  the  passband  by  the  frequency  filtering.  erbCratl°n 

2  7  , ^convolution  filter  lengths  were  5.4  sec.  except  for  the 

2.  sec  (individual  deconvolution)  and  1.  95  sec  (ensemble-average)  of 
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verage  Power  Spectrum  of  60  Ensemble  II  Teleseisms 


MAP  OUTPUT 


eventei-W 


INO.  OECON. 

SUB-ENS.  OECON. 
S  ENS.  OECON. 


Ii  .  . Himiiiiiini  i  mi  llilllllllfllllllllllllllllllll 

|  ^  vjv/  ^  .1 

1 "  '  ~  ’^v^rvv^V'^^ 


EVENT  D-C<; 


EVENT  III  - 11  < 


event 


W /,NlM  VWVVl^ 

!jJHIIl!IJJI!!l!lll!!!i!l!!lli|li.,li  111  i  i  m, 

ill 


iMUIiitiiijttn 


tjl’  •»•’,»»  **V'"  ”v  — *VV — 

- VWVA^V^ 


Figure  4.  Original  and  Deconvolved  Recordings  of  Four  Events  H  5  c 
_ Htgh-lut  Playback  Filter  Applied)  •  5-cps 
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reverberations  ,n  the  sedimenUry  layer,  should  be  ^veUdTd^uately. 

to  assess  in  W1h“'ninS  !i“"»  *•  difficult 

contracted  somewhat,  but  it  cannot  beVur'  P''vaveforms  are  generally 
observation  implies  success  “  «mo^  W“h  Certain*>'  that  th‘» 
Although  the  pp  arrival  is  made  Crustal  reverberation  effects, 

in  pP  detectability  as  a  result  of  decff" w  8°me  Cases*  no  improvement 
little  difference  can  be  8een l*1' 18  °bserved-  *>  general, 
average  and  ensemble-average  deco  6  ^  ft  lndividual*  subensemble- 

observation  suggests  thar/ana^r  ?  0n  °f  P-wavefor™-  This 
and  that  a  single  "average"  de^onvolut'  ^  CffeCtS  are  not  very  important 
real-time  onlfn.  proce^r„8  at  a"  army  "  Ue.'r1"  Sh°U‘d  ba  ad*«— 


L\ 


* 

Note,  however,  that  results  given  in  Section  vt  •  ,  t 

deconvolution  operator  for  core  nhaHP«  ”  V*  lmply  that  a  separate 

average  filters  described  above  were  deri’sn  d  6  de81rable#  The  ensemble- 
autistic,  and  were  applied  only  to  direct  P-evems  *  °m  P'PhaS' 
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SECTION  IV 


depth-of-fccus  determination 


discrimination  be tween'ea^thoualT16  °7°CaI  d'P‘h  ca"  be  °l  for 


by  lea  si -mean -square*  fftt^1[:)0^(^*<Errt^^ak**are^t^r,^il^d  mostoften 

aT;  pp.  %zatarPr  rrnce  - 

that  pP  be  observed  a oHde ntif  Ud  w  Rh  cerTa mtV'  t!?" 'l  bU‘  j'  requires 
demoi^strated'in  array^utp^ 

the  output  trace  of  the  CPO  p r oc'el Tor”  w he n ^T*"”8  *°  pP  in 

•ingle-seismometer  record.  !!  wa“  not  obs"''aU«  in 

va't^r  :hh:„n  «?, 

arrive  af.er’p  bad  ^ 

pP  detectability  by  dec onroTviM "the* moc e'i  m‘ght  b*  P°S5ib1'  to  improve 
puting  autocorrelations  ”,  *  C°m‘ 

vjt  thM  d~“r  • 

— “  « -  -  -;„:no,r^rns;„  •rSA's 

autocorre,a.,o„“jhaMr.7efr  *£  *b8 

to  ^  “ 

might  provide  a  method  of  detectingrte  oP^h'  a“'°corr'la,,0n  functions 
which  reliable  *£•.**?*  ™»“  '« 

In  most  cases,  however  it  was  nor  a.  de  from  the  seismograms, 
delay  from  the  autocorrelation  of  e, Ter  ‘°  de“rmi"a  tha  <p  -  PP> 

(Figure  6),  even  when  pP  COuld  be  definite™ idltffleTIn teV'^’  a- 
se.smogram.  (The  autocorrelations  were  filtered  by  ,  5  .Tint  P  "8 
average  in  order  to  facilitate  internretaHon  k  •  5  P  moving 

noise.  )  ^  removing  high-frequency 


M  .  Jhe  fia.i1Ure  *  deconv°lution  and  autocorrelation  methods  to 

m prove  the  detectability  of  pP  is  attributed  to  differences  between  the 

P  PP  fr°m  tke  8ame  events-  Some  shaPin8  ^  pP  is  to  be 

,  T.tted  uUri18  Pas  sage  through  the  crust  above  the  source,  but  it  is 

felt  that  this  effect  is  of  minor  importance;  otherwise,  the  travel  paths 

essejntially  the  ^me.  A  more  reasonable  explanation  is 
asymmetry  of  the  radiation  pattern  of  the  source  so  that  the  original 

waveform  of  the  signal  travereing  the  p  tra„el  path  is  substantia  . 

different  from  that  following  the  pP  path. 

It  must  be  concluded  that  (pP  -  P)  analysis  is  of  limited 
value  in  focal  depth  estimation  for  earthquake /explosion  discrimination. 

A  well-documented  pP  phase  offers  excellent  proof  that  focal  depth 

msrlr T ^  ^  aJT  kilometers;  however,  several  deep-focus  events 
USC &GS-e s tim ated  depth  >  100  km)  did  not  produce  observable  pP 

arriva  s.  A  possible  explanation  has  been  suggested  above.  Regardless 
of  the  reasons,  it  must  be  concluded  that  pP  absence  cannot  now  be 
accepted  as  evidence  of  near-surface  origin. 
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SECTION  V 


STUDY  OF  CPO  CRUSTAL  STRUCTURE 


Two  important  effects 
deduce  the  crustal  structure  beneath 
records. 


must  be  considered  when  trying  to 
CPO  from  the  analysis  of  teleseismic 


.mergence,  a  single  tverLIZT  "T"8'  d'P'ndS  °"  angle  o£ 

(Figure  7),  it  i,  possible  to  find  a“tocorr'lati°'>» 

which  are  interpreted  as  evident  th*  au*ocorrelation  functions 

Such  "events"  no  longer  aoDeared  ,  maj°r  reflecting  horizons  below  CPO. 
were  averaged.  W  60  ensembles  of  worldwide  origin 


response  functions  only  after^hev  hav^b  **”  ***  Interpreted  as  crustal 
content  of  the  original  *' ^ 

reason,  interpreting  the  resnnn«.  -  ,  *  tbe  crust*  For  this 

as  the  inverse  of  ,hf  cru.ul  response  1“T  “  (Section  III) 

"event."  could  be  observed  in  average  °  ““““tf*-  No  significant 
Of  Ensembles  II  and  in,  even  when  the  s  h  °rrelatlfns  of  subensembles 
as  small  as  10°.  Evidence  of  reflet  8Ubgr°Ups  covered  distance  ranges 

probably  because  of  differences  in  sign^ spectra^  F^  ^1°^  recog»ition, 
great  diversity  observed  in  teleseisrrfs  fr  ?  *  Flgure  8  illustrates  the 

Power  spectra  have  been  "ipu  .7f”  g 

and  30  .  It  can  easilv  P  «.  18  Ensemble  II  events  between  20° 

associated  with  the  signals  Tin"8  fat.ed  that  these  differences  are 
for  intervals  just  preceding  ea^'event*  l™**  (Figure  9)  c°mputed 

«  *•  Sieved  that  the 

distance  away  may  be  exolain^H  k  goals  o.t  nearly  the  same 

possible  to  averagVout  th  se  effectsn?r'80UrCe  ^t8’  *  sh-ld  b* 

numbers  of  teleseisms.  l°  8°me  CXtent  ^  the  u8*  of  large 


concentration  of  foci.  ^appears”  tteu'th*  P°8sible  to  obtain  such  a 

eliminating  source  effects  mLhe  K^  ,  m°8t  effective  method  of 
As  an  example,  power  specTra  for  s  T*  Shallow'focu8  events. 
HI-25  through  IH-30)  are  shown  in  I*''*"  d**P"focus  events  <11-2 1  and 
find  such  striking  resemblances  in  sim^  ^  lt  ***  "0t  be*n  po8sible  to 

1,  auLorrcia^y- 
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8  12  16  20  24 


Figure  7 


31  EVENTS 


15  STRONG  EVENTS 

oi  II^WV'nA^A/'vV'^AWV^ 


26  MEDIUM  EVENTS 

iMAA^^ArV^wx/W 


I 


30  WEAK  EVENTS 


30  EVENTS 


I  *  42  EVENTS 

jyVV^A/WV^  ;A^M/\A/V' 


73  EVENTS 

LV^'^>r*/^-V\/N^V^y\yW\AA^' 


4  8  12  16  ?0  24 

TIME  (tec) 


Average  Autocorrelations  of  Subgroups  c/.  Ensemble  I  Events 

1 8  tolsnoo  Rsrvlose  division 


SIGNAL  POWER  (db) 


LAG  (SECONDS) 


Figure  11. 


Autocorrelations  of  Four  Teleseismie 
Near  the  Colombia -Venezuela  Border 


Signals  from  Earthquakes 


22 


notone*  Servians  division 


[Ta  "r8"  WhiCh  are  reProduciWe  thrrughout  the  set.  A  thorough 

tswMchdf-T16  tata  Unf°rtunately  haS  failed  -  turn  upanyother 
sets  which  display  such  similarities.  The  four  earthquakes  which 

andTl  0tr°dt°  Tli8Ure  11  °CCUrred  at  distances  of  30.  9°,  30.^3°,  31.33°. 
t  t  ,  *  W  h  azimuths  between  155.  1°  and  155.6°  and  focal  depths 

"rn  ‘4°  “d  176  km’  Thia  »aa  •»«  only  available  ae.  of“‘.p 
earthquakes  from  such  a  small  area. 

DOW„r  ««  f  A  maj°r  difficuUy  in  interpreting  the  autocorrelations  and 

width  of  the^  m  ''r  °f  Cr“8tal  structure  arises  from  the  limited  band- 

wl,lT  lg  V “  Si",:'  m0St  “gnals  ha™  usrfm  band- 

wuiths  of  about  1  cos,  the  finest  resolution  obtainable  is  about  1  sec  of  time 

CPo  '"reDr^d'*' HS| °f  d'pth-  ,A  Rested  model  for  the  structure  under 

rhe  e„,,r.  P.d  .  F,,Ur'  U-  Since  ,h«  2‘”»  traiel  Hme  through 
*  °'d,ime"tary  section  is  only  1.  05  sec  for  this  model,  it  is 

«rv  dUf.  uU  to  Hr?  8  ab°“‘  d'taU'd  ,lructurc  1"  tho  aliments  and 

very  difficult  to  determine  even  their  total  thickness.  Ideally,  autocorrelation 

incus T  1  'Xh“>it  P<!akt  at  “ma  lags  corresP°nding  to  L  differ- 

n  Fis  re,  rr:  ,T”  01  dir'Ct  and  r'fl"ted  B'gnal8*  The  correlation. 
,j‘g.  7  aad  ‘‘  arc  computed  from  signal,  with  phase  velocities  of 

31°)  ^hidVfe  l8la"da-  85°!  and  12.6  km/sec  (Colombla-Veneauela, 

in  the  aumcorieiati".'"  ^  V‘l0CUi'’  ”’°“ld  Pr°d“~  Peaks 

fn  rn  .  .  .  .^°me  CVentP  that  are  multiply -reflected  and  are  most  likely 

2  thensreVents  rrner8yi,are  Ulu8trated  in  F*gure  The  time  lags 
of  these  events,  relative  to  the  direct  P-wave,  are  given  in  Table  4  for 

be'TeW.'T'1  */i8Ur',U-  S°">'  matures  in  tlfe  autoco^ela, ion.  have 
been  selected  as  evidence  of  reflected  arrivals,  but  it  is  difficult  to  decide 

Ideal h!**  Pr°r  timCS  WMch  8h°uld  be  a8sig"ed  to  such  features. 

Ideally,  a  reflected  arrival  should  give  rise  to  a  reproduction  of  the  center 

Entered  tatht<Trrelatl°?;  ^  reProduction  8houW  be  symmetrical  and 
centered  at  the  lag  time  of  the  arrival.  Therefore,  it  is  preferable  to  seek 

ZZ  Zll  Tr  than  0""‘  tlm'S  04  tha  "  Since  mo.“:,  ,h: 

The  rlded  1  asytntnetrical,  center  time,  are  difficult  to  estimate, 
resolution  bandWid'h  impU'S  ,ha‘  °P‘imUIn 

Estimated  times  for  the  first  two  "events"  in  Fioure  7  ... 

6_0  sec  and  10  5  sec.  These  probably  represent  events  B  and  A  with 
22.  5- km/sec  phase  velocity.  If  this  identification  is  correct  and  the  lag 
t  mes  have  been  estimated  accurately,  then  the  depths  of  the  Conrad  and 
Mohorovicic  discontinuities  as  given  in  Figure  12  are  too  large  by  about  2  km 
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Figure  12.  Me  del  of  Cru.tal  Structure  Near  McMinnville, 
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Figure  13.  Travel  Path*  of  Reflected  Arrivals 


Table  4 

COMPUTED  LAG  TIMES  OF  REFLECTED  ARRIVALS 


Signal 

Phase 

Velocity 

Lag  Time  (sec) 

- -  - 

(km/sec) 

Arrival  A 

Arrival  B 

Arrival  C 

Arrival  D 

Arrival  E 

Arrival  F 

12.6 

10.0 

6.0 

4.0 

9.0 

5.0 

14.0 

22.5 

11.0 

6.5 

4.5 

10.9 

5.5 

15.  5 

QO 

11.5 

6.  8 

4.  7 

10.4 

5.  7 

16.  2 

l7sedLenLd°miniint  near"8UrlaCe  reflect°r  could  be  an  interface  within 

m  ^  ,r.r x? 01 

*  .  '  ambiguity  in  interpretation  remaine.  eince  the  apparent  -rror 

sec  The  differ  ?  '  Plyi,ng  a  reflectxng  system  with  a  lag  time  of  3.6 
murh  h  dlff«ences  in  the  lag  times  found  for  22.  5  and  12.6  km/sec  are 
ch  greater  than  would  be  expected  unless  different  reflecting  interfaces 
predominate  in  the  two  cases.  It  is  difficult  to  conceive  how  a  model 

FWtTl'  Wsih  FtT'  12  C°Uld  g‘Ve  ri,e  *°  onl>'  ,he  "«««■"  seen  in 
Figure  11.  Since  the  four  earthquakes  contributing  to  Figure  11  were  so 

“^cr.y  ^  tha'  th'  °b’0rV'd  «-««»«.•  ««  be  auri^tld  to  " 


model  for  BUm"iary»  the  re8ult8  suggest  that  the  assumed  crustal 

-  -  » :::  zzzr 
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SECTION  VI 

INVESTIGATION  OF  PROPAGATION  MECHANISMS 

records  from  the  ‘ °  “T  hi*h-*™l*Y  teleseism 

absorption  in  the  .  rth'« T,  to  PUch  subj«ts  a,  anelastic 

on  .o»;r«n™  w  and  fhC  d;;Pend,?nCe  °f  Cru8tal  -sponse 

were  chosen  from  Ensembles’  II  andHI  on  the  bas"*?  gr°UPS  °f  CVentS 
depth,  magnitude,  and  observed  sivi  al  tn  ange’  azimuth,  focal 

function,  and  power 

examination  of  the  d^^aH.dT  b"n  but 

which  can  be  shown  to  varv  svsf  °f  UP  evidence  o{  characteristics 
listed  above.  It  is  suggested^^  ^  ^  °ther  °f  th*  Parameters 
involved  (e.g.  focal  deoth  o*  ’  °f  the  large  nurnber  of  variables 

receiver  dist^c^  of  So— •  source-to- 

spectrum,  magnitude  continental60  °glCa  ®ource  environment,  source 
path,  source  radiation  pattern  etC°)  ^n  ”h ^  early  Part  of  travel 
is  too  small  to  provide  “ 

seems  to  be  that,  with  only  a  single  receiver  arra  *  f  dlfflCuity 

separate  source  effects  from  transmission  effects^  mer^V^i  ‘° 

«*«*-  of  -  ^ 

range,  allmuth.^tc”  However  TTuUt^t''  C°mbination  of  «»“••  °‘ 
of  eliminating  eource  effect,  would  be  the  ^  '(7,1'.  ,  '  me‘h<>d 

array  recording  .ign.1.  ae.oci.ted  with  the  .ame  evenU,  y*' 

for  eubgroup.  oiVnZnU'W *.«!,”*!!  ,m°0,hed  »P«tra  computed 

range  of  eoorce- to" rece We r  d'i .tance  tf ? “P  “  C°mpri”ed  *  Particular 

(;e  s  dbi  of  that"  .o.ureydT'H,1eUr„'edigahb0or2h^PSof,,l.°2n 

ob*'rved  <o  be  much  b-ad" 
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POWER  DENSITY  (db) 


FREQUENCY  (CPS) 


Figure  14.  Smoothed  Average  Power  Spectra  of  Ensemble  III  Events 
Grouped  According  to  Distance 


seven  subensemblls^tnteiTdifert'p^phi4  uh°Sen  S°  ^  the  firSt 

diffracted  P  and  one  PP  subensemhl  P«  '  subensemble  8  contains  one 
subensemble  10  cental  of^K^n^  PKP^  ^ 

15  for  a  definition  of  these  phases  in  <  PKP  events*  (See  Figure 

lack  of  low-frequency  enerev  annea  *■  IT3  ray  patbs‘  )  The  observed 
studied,  a  unique  q  uality tf core  ItlL  ’  *  ?e‘8t  f°r  the  ensemble  being 
diffracted  P,  or  PP  P  *  Si°Ce  “  is  n0t  Served  in  P. 

*  the  source  region^r^thewtauth^rrivlfa'  CPO®  bTh  Cl,aracteri8tic 

and  PKIKP  even  a  'Served®  80  oirce'  ‘irM|h  CP°'  «  *•  PKP 

ben  and  had  azimuths  bcZtn 2£ and  1  ".,g*“*ed  in  ,he  circum-7  acific 

the  P  arrivals  are  assocUteH  w  ’  whereas  °°»y  24  percent  of 

are  associated  with  azimuths  between  295  and  340°. 

events,  each  s ubg^up c" o r ^^0081^ To  P°Wer  spectra  for  subgroups  of 
All  events  with  azimuths  outside  the^  “SjS1  ran8e0of  source  locations, 
mated  (Table  5).  30  V°  356  ha-  b~n  elim- 

circum-Pacific  earthquakes  are  con  a  “H  m,FlSure  14  persist  when  only 
obvious  because  of  poorer  statistics81  It  wo’ Id  h^811  they  ***  somewhat  less 
similar  displays  for  other  azimuth,  k  ,  }  be  desirable  to  prepare 

Therefore,  it  J,  not  posl  b.e  o  dete’rmiL^h't'''  “*  •»«*«.. 

*  8"«ai  one  or  simply  a  q^Uty  of  c“  pi  r  °b8'rV<!d  ‘8 

at  the  CPO  station.  circum-Pacific  earthquakes  as  seen 

in  the  Publ„hcdNU,err«ur“  ’ZZgZ?  **  Has  been  found, 

stated  that  frequencies  greater  thin  0  5  cn  PapCr’  Gutenber8  a«d  Richter4 
only  in  the  purely  compassionates  ?  pp 

was  used  to  designate  both  PKP  and  diffracted  P  cl  '  ,(Th,a  8ymbo1  P' 
indicated  that  the  "diffracted  P'  (A  <  142°»"  •  •  1  p?rt,cular*  it  was 

prevalence  of  high  frequencies-  where**  18  dlstm«ulshed  by  a  marked 
contains  much  hfgh-frequency  enervv  the  "  P’  (*  >  142>  8eld°- 
being  about  0.  1  cps,  with  a  number  at  0  2  Tds  C°mm°n  °bserved  pea^ 

0.  5  cps.  On  the  contrary,  the  CPO  even,  a  °nly  a  feW  observed  at 

for  PKIKP  and  PKP  phases  than  distant P peak  f-quencies 

thehinKner  core' ii  was  teiieved  ^ 
"shadow  zone"  between  loVTnd  U^  C°Uld  be  °b8erved  *»  the 

arrival  at  distances  out  to  142°  the  *  ^lthou8h  diffracted  P  is  the  first 

with  increasing  distance,  and  PKIKP  ^  °  thlS  phase  decays  rapidly 

of  Ensemble  III  events  from  distances  b^eirno^^dT^56"^1316  PhaSe 
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Figure  15.  Ray  Paths  of  Compressional  Waves  in  the  Earth's  Core 
and  Mantle 


3 

Gutenberg  (1959,  p.  Ill)  states  thatA  at  epicentral  distances 
between  about  125°  and  140°*  waves  with  frequencies  of  1  to  2  cps  arrive 
about  10  to  20  sec  earlier  than  the  definite  PKIKP  impulse  with  frequencies 
of  about  0.5  cps  or  less.  This  dispersion  effect  cannot  be  used  to  explain 
the  observed  lack  of  low-frequency  energy  since  the  power  spectra  were 
computed  from  data  samples  sufficiently  long  (3  min)  to  include  late- 
arriving  energy  and  since  Gutenberg  states  that  the  high-frequency  part 
of  the  PKIKP  is  generally  very  weak  compared  to  the  low-frequency  part. 

At  this  time,  no  explanation  can  be  suggested  for  the  lack 
of  low-frequency  energy  in  the  core  phases.  Because  the  difference  between 
P-phase  spectra  and  core -phase  spectra  is  so  striking,  it  should  follow 
that  a  single  deconvolution  filter  cannot  be  appropriate  for  both  direct  P 
events  and  events  transmitted  through  the  core. 
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Table  5 


Subgroup 

No.  Location 


Alaska 

Kodiak  Pen. 
and  Inner 
Aleutian  Is. 

Outer 

Aleutian  Is. 


Range  of 
Distances  (°) 

Ra  ige  of 
Azimuths  (°)  ! 

Min. 

— 

— — 

Southern 
Kurile  Is. 
and  Japan 


Lv'-n '  Numbers 


46.1  49.5  316.9  326.5  45.46,48.49.54 

54.  1  59.2  314.5  316.4  60.61.62,63,66 

62.  7  66.7  315.4  316.9  71.72,73.75.76 


Kamchatka  71.8 
and  Northern 
Kurile  Is. 


83.0  322.7  326.8  83.85.86,96.97 


86.  5  99.1  325.4  329.6  102,  103.  104,105.107 


Philippine  120.4 

Is. 

Indonesia  141. 7 


331.2  110,111,112 

356.4  116,117,118,  119 
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SECTION  VII 

COMPARISON  OF  PROCESSORS  AT  CPO 

i.,Qf  k  f  ^  Flgures  3  and  4>  samples  o t  seismic  noise  occurring 

just  before  the  F  onset  hive  been  preserved.  Visual  examination  of 
these  recordings  and  of  other  events  not  displayed  in  this  report 

permits  a  quaiitative  evaluation  of  the  performances  of  processors 
JLr'-i  ana  IP-8. 

IP-1  Dermitted^Veen  ^  reCordin8s  of  Ensemble  III  events,  the  processor 

put  The level  of***  "“‘“I  ?“  WSVe  n°i8e  to  P*ss  into  the  out- 

from  trace  to  trace  Th'W t0  Vary  °Ver  a  ranSe  of  more  than  10  db 

Thg  hlgh  n01Se  P°wer  observed  on  some  records,  e  g 
event  UI-18;  suggests  intermittent  microseismic  storms.  &'  ‘ 

By  contrast,  the  noise  observed  on  the  Ensemble  II  records 
”  I«"»^W>;timo-sta«ionary,  as  is  shown  by  the  noise  power  speotra 
tgure  9.  It  is  hypothesized  that,  because  IP-8  and  the  low-cut  filters 
were  so  much  more  efficient  at  rejecting  surface-wave  noise,  the  noise 
which  was  j  issed  was  composed  mainly  of  P-waves  and  the  intensity 

T  P"WAve  noise  did  not  fluctuate  much.  These  results 

able1  to  H  3  ,  V°T  empl°ying  de<=i«ion-making  equipment  should  be 
ab!e  to  operate  effectively  on  the  output  oi  an  array  processor  such  as 

IP-8  which  i.  capable  of  rejecting  surface-wave  noise  efficiently. 


SECTION  VIII 
CONCLUSIONS 

«  CP°.  1.  ha.  b«n  poh.i-M“T'y„' h  °f  ,;eCOrdUe»  ■*«  out  by  MAP  system 

d~*  -1*" ~ 

statistics  have  been  me'd'to^h^rpen  'the'w""'/10"’  'xparimental  signal 
was  found  that  filters  designed  from  averacl'  *  8°me  events*  !t 

groups  of  signals  were  virtually  as  effect!,?  c0"ela,Km  Properties  of 
as  filter,  designed  from  the  individual  ,,^'l  n  !iha’'p'nine  most  signals 
**r*  £<r«  >o  he  Sig„ificantl  dtI™2  f  ‘hat  core  phase, 

oeheved  that  the  primary  effect  of  th«  ff „  P-pha«es).  It  i. 

nonwhiteness  of  the  source  spectrum  ‘  l  l“  “tud,ed  wa«  compensate  for 
reverberation  effects  wa,  of  minor  imports  *ce.h'  r'm0val  'aostal 

improved  by  d.co^oUM^fiUert'nV  ^nd’"  SUCh  "  PP  8">"a1^  *aa  no. 
evidence  of  pp  in  autocorrelation  f  **  n°l  P°8»>We  to  find 

after  deconvolution.  The  failure  of^e'.T  C°mpu,ed  '“her  before  or 
identification  (and  hence  depth-of-foiu.  e.*,  ^",1  ‘"hnique.  for  pP 

ddference,  between  the  P  and  pP  wav.  .  ”a“°n)  “  a‘“-‘bu..d  to 

radiat.on  patterns.  Therefore,  it  i,  jmon  .'aU*'d  bV  asymmetric  source 
event,  a.  of  definite  near-surfsce  „  ™P°‘s,b1'  at  ‘his  time  to  designate 
observable  pP  phase.  '  °"*in  ‘he  basis  of  absence  of  fn 

recorded  signal^™  '.rndm'd  mTrder  ”t  ^  P°W‘r  Spectra  '“mputed  from 
below  CPO.  The  lim.ted  signal  bandwidth  l"''"'**"  ‘he  crustal  structure 

"**"•.  Tha  °“1>’  sound  conclusion  whfch  canh'  "’°lu'ion  ‘°  a  few  kilo. 

'  mo  .1  „f  ,he  crust  is  probably  not  in  erV/bT  1^' ,j£“* 

through  ob.ervfd“n,^M  'ran!mi’aion  mechanism, 

,ul'  and  pow'r  spectra  were  unsuccess- 


wMch  had  traveler:^, te^o'nr  *“  —  ed  in  signs, . 

source  characteristics.  Source  effect  m  e  by  lar«'  ™'i*tion,  in 
^seoeral  receiver  arrays,  e^C^^X^  ^ 
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